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The effect of the replacement of hydrogen by fluorine on the proton transfer was monitored.
The explanation of this phenomenon and relating reactions was usually done on the basis of solution-phase pK a data or computational results on the single nuclear base or C:G pair. Density functional theoretical (DFT) calculation on the gasphase G:C radical cation pair showed that the structure with a proton attached to guanine N1 (hereafter C:(H)G + · ) is more stable by 1.4 kcal/mol than that with the proton transferred to cytosine (C(H) + :G · ). 2 Ab initio molecular dynamics simulation on G:C radical cation pair 3 showed, however, that C(H) + :G · is more stable by 3.6 kcal/mol than C:(H)G + · when a fully hydrated model is used, indicating that the computation including solvation effect is needed to investigate the proton transfer reaction. In this work, the role of the guanine N1 imino proton in the migration and reaction of radical cation in F In Figure 1 depicted were the chemical species that were investigated in this work. All QM calculations used the Jaguar v5.5 quantum chemistry software. 4 Details for the solvation energy calculation are given elsewhere. [5] [6] [7] [8] [9] We optimized solvation parameter of fluorine first. The parameter was optimized to reproduce experimental pK a value for heterocyclic aromatic compounds as in our previous work on Cl. 5 The level of theory of the computation was chosen to be B3LYP/6-31++G**, which was successfully applied to the tautomerism and pK a calculations of guanine, isoguanine, oxoguanine, and xanthine. [7] [8] [9] Vdw radii of H, O, C and N were taken from our earlier studies on guanine and its derivatives. [7] [8] [9] The pK a value of an acid HA in aqueous solution is related to the Gibbs free energy change for the deprotonation process expressed by
where R is the gas constant and T temperature in Kelvin. The standard free energy of deprotonation from one of the deprotonation sites of HA in water, ΔG 
The standard free energy of each species in the gas phase ΔG 0 g , is obtained by ΔG
The total energy of the molecule at 0 K (E 0K ) was calculated at the optimum geometry from quantum mechanics (QM). Harmonic oscillator-rigid rotor approximation was applied for the calculation: The zero-point energy (ZPE) and the vibrational contribution to Gibbs free energy change from 0 K to 298 K (ΔΔG 0→298 K ) were calculated from frequencies calculated using QM. The translational and rotational free energy contribution was also calculated with the ideal gas approximation.
The accuracy of pK a calculations depends on two factors: One is the gas phase basicity and the other is the solvation energy. The former can be checked against the gas phase experiment. Therefore we calculated gas phase proton affinity (PA) and gas-phase basicity (GB) at 298 K, which are defined as the enthalpy change and the free energy change, respectively, for the deprotonation process in gas phase. Table 2 , we summarized the gas phase computational results, which gave excellent agreements with the experimental data, which are comparable to our earlier study on chlorine parameterizations.
PA = ΔH
As discussed earlier, the accuracy of pK a calculations depends on both the gas phase basicity and the solvation energy. As shown in Table 2 , pK a values were in good agreement with the experimental data, which indicates that the vdw parameter for fluorine is well-parameterized.
In the next step, we calculated the Gibbs free energy of proton transfer (ΔG proton transfer ) both in the gas-phase and in the aqueous solution. For neutral G:C pair, the proton transferred state is not available as expected. The replacement of hydrogen by fluorine at 5 position of C does not affect the preference. For radical cations, both states before and after proton transfer were calculated to be minima. ΔG proton transfer values were reported in Table 3 
